Texture measurement on gutted cod during storage in ice using a hand-held instrument by Schubring, Reinhard
Inf. Fischwirtsch. Fischereiforsch. 49(1), 2002 25
	

	

		


	
	
			
	
		
Fish muscle as food is to be seen as highly perishable. In unfrozen fish, freshness is considered the most impor-
tant quality attribute. It is well known that there are several biochemical changes  that can affect dramatically the
texture of fish muscle. Immediately after death the fish texture is soft and elastic. In connection with rigor mortis
the fish texture changes markedly. It becomes harder during rigor and after its resolution it becomes softer. This
softness increases due to proteolysis during further storage at refrigerated conditions. Texture is a very important
indicator for evaluating the quality of fish. Barroso et al. (1997) have recently reviewed mechanical methods in
use for texture measurements on fresh fish. Further reviews on texture measurement performed on fish muscle
were recently published underlining the importance of texture as quality attribute (Hyldig et al 2001, Coppes et
al. 2002). The position along the fish can influence the results and was investigated by several authors (Sigurgis-
ladottir et. al. 1999). Different methods have been compared for their ability to differentiate between recently
killed salmon and salmon stored on ice for up to 24 days (Veland et al. 1999).
In the course of the EU-project “Development of mul-
ti-sensor techniques for the monitoring of the quality
of fish” (MUSTEC CT98 4076) several techniques
have been checked for their suitability to measure
quality parameters in a non-destructive way. One of
these instruments used to monitor the texture changes
during chilled storage of fish was a  Zwick hardness
tester (Zwick GmbH & Co., Ulm, Germany), original-
ly developed for rapid determination of the hardness
according to Shore on elastomers and plastics. This in-
strument had also successfully applied to measure
hardness of sausages (Klettner 2000).
The objective of this work was to evaluate the capabil-
ity of the hand-held device for assessing the quality of
unfrozen fish in terms of their firmness and to correlate
the results with sensory assessment performed as QIM
(Quality Index Method).
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Two batches of cod (Gadus morhua) were obtained
from the Norwegian waters (near  Tromsø) and the
Baltic sea (near Kiel). Immediately after catch fish
were slaughtered, bled, beheaded, gutted, cleaned and
stored in melting ice in a 2 to 4 °C cold room. They
were ice stored for 17 and 9 days in Norway and Ger-
many, respectively. Indentation tests were performed
with a Zwick hardness tester. The test load of  the shore
A hardness tester (Figure 1) was 8.0 N. Four to eight
measurements dependent on the size of fish were taken
at different positions along the body, from anus to tail,
taking care that ndenter (  18 mm) was vertical with
respect the specimen surface. Readings were taken 3 s
after applying hand pressure. Measurements were per-
formed on five to six fish per day. The shore A hard-
ness is the relative hardness of elastic materials. If the
indenter completely penetrates the sample, a reading
of 0 is obtained, and if no penetration occurs, a reading
of 100 results. The reading is dimensionless.
Sensory firmness for ice stored cod was performed ac-
cording to the QIM score sheet firmness attribute
(Luten et al. 1997). The descriptors and maximum de-
merit points (in brackets) the assessors had to choose
among were: In rigor, firm and/or elastic, soft and very
soft (3). Inspection was carried out in five to six fish
Figure 1: Application of a Zwick hardness tester for texture
measurement on fish.
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per day by a minimum of 10 assessors. The results
were statistically evaluated using the software package
STATISTICA (StatSoft, Inc.(1996), Tulsa, OK, USA).
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Figure 2 shows typical changes in maximum force
(mean values of shore A hardness) of cod during pro-
longed ice storage. Hardness decreases significantly
(P<0.05) indicating that fish becomes softer as result
of proteolysis caused by endogenous and microbial en-
zymes. This is in good agreement with data on texture
changes of raw cultured and wild sea bream stored in
ice up to 23 days measured by compression using a
flat-ended cylinder (Alasalvar et al. 2002).
This almost linear decrease in hardness is an agree-
ment with the results of sensory assessment (Figure 2).
Hardness (Figure 3) is inversely correlated (P<0.05)
with both the whole QIM (r = 0.841) and the firmness (
r= 0.876). In the measurements performed in Hamburg
it was focussed on the early stage of storage to obtain a
better impression on texture changes while passing the
rigor mortis. Figure 4 shows that entering the rigor is
connected with an increase in instrumental measured
hardness followed by a decrease during resolution of
rigor and further storage. Sensory firmness from QIM
behaves comparable.
These correlation’s between instrumental and sensory
measurements (Figure 5) are significant (P < 0.05).
The coefficients of correlation were –0.866 (QIM) and
–0.795 (firmness).
In general, when comparing the readings taking next to
the anus compared to those next to the tail (data not
shown) it becomes clear that last ones were signifi-
cantly higher (P<0.05). This coincides with results re-
ported by Sigurgisladottir et al. (1999) who found that
in salmon hardness as well as shear force increase
from head to tail.



The present results show that it is possible to monitor tex-
ture changes in cod stored in melting ice using an easily-
applicable, hand-held and non-destructive shore A hard-
ness tester. After an initial increase of hardness while
passing rigor mortis the hardness decreases during pro-
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Figure 2: Shore hardness and firmness as functions of storage
in ice
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Figure 3: Correlation between mean values of  hardness and
QIM (left) and firmness (right)
Inf. Fischwirtsch. Fischereiforsch. 49(1), 2002 27
3 0
4 0
5 0
6 0
0 5
H
ar
dn
es
s
0,2
0,6
1
1,4
0 2 4 6 8
H
ar
dn
es
s
Fi
rm
ne
ss
Days in ice
Days in ice
1 0
10
Figure 4: Changes in hardness (left) and firmness during the
first days of storage in melting ice
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Figure 5: Correlation’s between mean values of instrumental
measured hardness and QIM (left) and firmness (right)
longed stored indicating that the fish becomes softer. The
results of instrumental hardness measurement  correlate
with sensory assessment performed as QIM. The use of
the instrument for texture measurement in the industry
can be recommended The instrument is not expensive. To
measure one fish takes about 30 s.
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